INTRODUCTION
Dietary fat represents an important regulatory factor of pro-inflammatory events. In fact, eating fat in excess is usually associated with increased adiposity, which has been reported to be related to higher levels of pro-inflammatory adipokines, such as plasminogen activator inhibitor 1 (PAI-1) and leptin, and to reduced levels of adiponectin, an adipokine related to a higher insulin sensitivity and to a more cardioprotective status (1, 2) .
Concerning dietary fat composition, it is widely believed that diets rich in saturated fatty acids (SFA) are usually associated with a less favorable inflammatory profile than those rich in unsaturated fatty acids (3, 4) . Moreover, diets rich in monounsaturated fatty acids (MUFA) are associated with a lower LDL susceptibility to oxidation than those rich in polyunsaturated fatty acids (PUFA), which, due to their intrinsic nature and despite being related to beneficial effects on pro-inflammatory factors and insulin resistance (4, 5) , are more prone to oxidation (4, 6) .
Paraoxonase 1 (PON1) is an esterase closely associated to HDL containing both apolipoprotein A-I and apolipoprotein J (apoA-I and apoJ) and is believed to confer antioxidant properties to HDL (7) . In this sense, PON1 has been shown to effectively hydrolyze the oxidized phospholipids present in LDL, thus retarding the oxidation of these lipoproteins and attenuating their pro-inflammatory effects (8) (9) (10) . LDL oxidation is known to be influenced by diet, altering both LDL susceptibility to oxidation and serum PON1 activity (6, 11) . Thus, and as far as PON1 response to dietary fat is concerned, the consumption of high-fat (HF), as well as hypercholesterolemic diets, has been associated with a reduction of PON1 activity in both mice and rabbits (9, 12) . However, and in agreement with the improvement of the antioxidant and anti-inflammatory protection reported to be exerted by oleic acid (13) , supplementation and in vitro studies have reported a higher MUFA-related PON1 stability and activity in comparison with PUFA (14) (15) (16) .
Diets usually consumed in industrialized countries are rich in animal fat and have been associated with an increased incidence of cardiovascular diseases, which seems to be influenced by gender. Given the pro-atherogenic effects described for SFA, as opposed to the beneficial ones conferred to MUFA, together with the protective role of PON1 against atherosclerosis development and its modulation by dietary factors, the aim of this study was to investigate the response of serum PON1 activity and dif-Diets consumed in industrialized countries are rich in fat and increase the incidence of atherosclerosis, a process reported to be influenced by gender. Considering the anti-atherogenic role attributed to serum Paraoxonase 1 (PON1) activity, and given the pro-atherogenic effects described for saturated fatty acids (SFA), as opposed to the beneficial ones conferred to monounsaturated fatty acids (MUFA), the aim of this study was to investigate the response of male and female rat serum PON1 activity and its related factors to a high-fat (HF), hypercaloric diet (fat representing 55.2% of the energy) containing similar amounts of SFA and MUFA. The HF diet feeding did not alter total body weight, but increased adiposity. Nevertheless, and in spite of the increased adiposity, the HF diet did not entail a more pro-inflammatory serum adipokine or lipid profile or increased lipid peroxidation. Paraoxonase activity was reduced in both male and female HF fed rats, due to a reduction of PON1 mRNA levels in males and to a reduced stability and/or number of HDL particles responsible for PON1 transport in females. Both the maintenance of body weight and the MUFA content in the diet would be among the factors responsible for the attenuation of the negative effects usually related to excessive fat intake and for the reduction in PON activity, whose antioxidant activity would be less necessary in this situation. Online address: http://www.molmed.org doi: 10.2119/2006-00078.Thomas-Moya ferent inflammatory markers to the consumption of a high-fat, hypercaloric diet containing similar amounts of SFA and MUFA on male and female rats. We also analyzed serum apoA-I and apoJ levels, as factors involved in PON1 function and stability in the serum, and liver PON1 mRNA levels, as the main source of serum PON1, to further characterize the PON1 response to the diet.
MATERIALS AND METHODS

Materials
Oligonucleotide primer sequences, Lightcycler-FastStart DNA Master SYBR Green I for real-time PCR and Tripure isolation reagent were purchased from Roche Diagnostics (Basel, Switzerland). RT-PCR chemicals were from Applied Biosystems (Foster City, CA, USA). Rabbit polyclonal antibody to human PON1 was provided by Dr. M. Mackness and Dr. B. Mackness (17) . Rabbit polyclonal antibodies to human apoA-I (Cat. Num. 178422; San Diego, CA, USA) and to rat SR-BI (NB 400-104G2, Littleton, CO, USA) were supplied by Calbiochem and Novus Biological, respectively. Goat polyclonal antibodies to rat apoJ and rat PAI-1 were purchased from Santa Cruz Biotechnology (Cat. Num. sc-13747 and sc-6644 respectively; Santa Cruz, CA, USA). Chemiluminescence kit (ECL) for immunoblot development was purchased from Amersham (Little Chalfont, UK Substrates for the measurements of PON1 activities (diethyl p-nitrophenyl phosphate and phenylacetate) were from Sigma-Aldrich (St. Louis, MO, USA). Routine chemicals used were supplied by Pronadisa (Madrid, Spain), Panreac (Barcelona, Spain) and Sigma-Aldrich (St. Louis, MO, USA).
Animals, Diets, and Sample Collection
Animal experiments were performed in accordance with the general guidelines approved by our institutional ethics committee and EU (86/609/EEC) regulations. Eight-week old Wistar rats (Charles River, Barcelona, Spain), 14 males and 14 females, were housed in groups of two-three rats per cage and kept at 22°C on a 12 h light-dark cycle. For each gender, rats having similar mean body weight were divided into two dietary groups: a control group-fed a pelleted standard diet with protein, carbohydrate, and fat representing 18.7%, 73.3%, and 8% of the total energy content of the diet (14104 kJ/kg diet), respectively-and a high fat fed group (HF group)-fed a high-fat diet with 13.5% of energy from protein, 31.3% from carbohydrate, and 55.2% from fat (21602 kJ/kg diet). Nutrient composition of diets (Panlab, Barcelona) is given in detail in Table  1 . For 14 weeks, rats had free access to the standard diet (control group) or to the HF diet (HF group). After a period of 12 h of fasting, 22-week old rats were killed by decapitation. Liver and gonadal, lumbar and inguinal white adipose tissue (WAT) depots were rapidly dissected, weighed, frozen in N 2 liquid and stored at -70°C until processed. Serum samples were also stored at -70°C until analyzed. Small pieces of liver and WAT depots were homogenized with a teflon/glass homogenizer in Tris- els, were measured by using spectrophotometric assay kits. Triglyceride and glucose levels were measured by using the Accutrend system. Adiponectin, leptin, insulin, and ghrelin serum levels were measured by using enzyme immunoassay kits.
P O N 1 R E S P O N S E T O A H I G H F A T D I E T
Measurement of Serum Thiobarbituric
Acid-Reactive Substances (TBARS) and PON1 Levels of TBARS, as an index of lipid peroxides, were measured in serum and liver homogenate samples as previously described (18) . PON1 activities were assayed by measuring the rate of hydrolysis of phenylacetate (arylesterase activity) and paraoxon (paraoxonase activity) as previously described (19) .
Western Blot Analysis of Serum PON1, apoA-1, apoJ, and PAI-1, and Liver
SR-BI Protein Levels
Equal amounts of serum and liver protein (30 g) were fractionated on 15% SDS-PAGE gels and electrotransferred onto a nitrocellulose filter. Ponceau S staining was performed systematically to check the correct loading and electrophoretic transfer. Development of immunoblots was performed using an enhanced chemiluminescence kit. Bands in films were quantified by photodensitometric analysis (Kodak 1D Image Analysis Software). The apparent molecular weights of PON1 (43 kDa), apoA-I (28 kDa), apoJ (50 kDa), PAI-1 (50 kDa), and SR-BI (80 kDa) were estimated using protein molecular-mass standards.
Analysis of PON1 mRNA Levels by Real-Time RT-PCR
Total cellular RNA was isolated from liver samples by using Tripure isolation reagent according to the manufacturer's protocol. One g of the total RNA was reverse transcribed to cDNA and subsequently diluted 1/10 and frozen at -70°C until the PCR reactions were carried out. Real-time PCR was performed using SYBR Green® detection technology in a Lightcycler Rapid Thermal Cycler (Roche Diagnostics, Basel, Switzerland) as previously described (20) .
Real-time PCR efficiencies were calculated as previously described (20) . PON1 and 18S real-time PCR efficiencies were 1.87 and 1.89 respectively.
Statistical Analysis
All data were expressed as mean values ± SEM of 7 animals per group. Statistical analyses were performed by using a statistical software package (SPSS 13.0 for Windows, Inc., Chicago, IL, USA). Statistical differences between experimental groups were analyzed by twoway analysis of variance (ANOVA). Student t-test, as post-hoc comparison, was performed when an interactive effect of gender and diet was shown. A P-value of less than 0.05 was considered statistically significant.
The statistical PCR data analysis was performed by using the Relative Expression Software tool (REST 2005 ␤ V1.9.9) (21). Differences in mRNA levels between groups were analyzed by Pair Wise Fixed Reallocation Randomization Test® (22), a proper model to avoid the normal distribution of data.
RESULTS
Food and Energy Intake and Biometrical Parameters
HF fed rats reduced their food consumption (22% and 18% for males and females, respectively), maintaining both their energy intake and body weight, compared with control rats (Table 2) . Consumption of the HF diet increased the weight of different WAT depots studied, especially in male rats, whereas no changes were found in liver weight.
Effect of HF Diet Feeding on Serum Lipid Profile, Glucose, Hormone, and Adipokine Levels
Consumption of the HF diet decreased serum triglycerides in both genders and free fatty acid levels only in male rats (Table 3) . No differences were found between control and HF fed groups as regards total, HDL, and LDL cholesterol D 1 3 ( 3 -4 ) 2 0 3 -2 levels. Total cholesterol levels were lower in female rats compared with males. In both genders, serum insulin levels increased with the HF diet feeding, whereas those of glucose were not modified. Thus, the HOMA-IR ratio was significantly higher in rats fed the HF diet than in control rats. Ghrelin levels were lower in the HF fed than in the control fed rats. Serum adiponectin levels were significantly higher in male rats fed the HF diet compared with those fed with the standard diet and did not change in female rats. Leptin levels, which were higher in male rats compared with females, were not affected by the dietary treatment. No changes were observed in serum PAI-1 levels.
R E S E A R C H A R T I C L E M O L M E
Effect of HF Diet Feeding on Lipid
Peroxide levels (TBARS), Serum PON1 Activities, Serum PON1, apoA-I and apoJ Levels, and Liver SR-BI Levels.
There were no differences between groups in serum lipid peroxide levels (Table 4) . Serum paraoxonase activity was significantly decreased by HF diet consumption (24%-26%), being higher in female rats compared with males. No changes were observed in serum arylesterase activity. Serum PON1 levels were higher in female rats compared with males, and showed a tendency to decrease with HF diet feeding in both genders, although they did not reach statistical significance. ApoA-I levels were also higher in female control rats compared with males, and decreased in females fed with the HF diet. Similarly, apoJ levels were reduced only in HF fed female rats. SR-BI levels were higher in female rats, but were not modified by HF diet feeding.
Effect of HF Diet Feeding on Liver PON1 mRNA Levels
PON1 mRNA levels decreased in HF fed male rats compared with controls (Table 5) . In female rats, a tendency to decrease was also shown, although it did not reach statistical significance (P = 0.081).
DISCUSSION
In this study we found that consumption of a diet highly rich in fat (55.2% of the energy content of the diet) and with similar amounts of SFA and MUFA resulted in an enhanced weight of WAT and a reduction of serum paraoxonase activity, but with no evidence of an enhanced inflammatory state.
Consumption of the HF diet induced a satiating effect, which is reflected in the reduced levels of the appetite-stimulating peptide ghrelin (23) . In consistence with this fact, rats reduced their food intake, thus maintaining their energy intake and their body weight closer to those of the control rats. Nevertheless, the HF fed rats showed a marked increment of adipose depots. This enhanced adiposity was greater in male rats com- D 1 3 ( 3 -4 ) 2 0 3 -2 0 9 , M A R C H -A P R I L 2 0 0 7 Table 3 . Effect of HF diet feeding on serum lipid profile and ghrelin and adipokine serum levels. pared with females, which, together with the lower serum free fatty acid levels observed in this gender, could point to a lesser lipid mobilization. The HF diet, despite causing an increased adiposity, did not entail either a more pro-inflammatory and pro-atherogenic serum adipokine profile, because neither leptin nor PAI-1 levels were increased. Moreover, adiponectin levels were not decreased, but rather increased in male rats. This observed attenuation of the pro-inflammatory consequences usually resulting from excessive fat consumption (24, 25) would be related in part to the reduction of energy intake, as well as to the high MUFA content in the HF diet. This idea would be in accordance with previous studies reporting a reduction of PAI-1 activity and levels after MUFA consumption (26) and describing the modulation of adipokine expression by PUFA (2, 27) , the content of which is also increased in the HF diet compared with the control diet. Along the same lines, the HF diet did not alter serum lipid profiles, thus again suggesting that the HF diet, probably due to its high MUFA content, brings about the attenuation of the deleterious effects of SFA (28), thus predominating the beneficial effects of MUFA (3, 29) over the negative ones described for SFA. Neverthe- less, the hyperinsulinemia and enhanced insulin resistance that the HF fed rat HOMA-IR values indicate would suggest that a prolonged consumption of the diet would lead to a more pro-inflammatory status.
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P O N 1 R E S P O N S E T O A H I G H F A T D I E T
The reduction of serum paraoxonase activity in HF fed rats, which is in accordance with previous studies in mice and rabbits fed with diets rich in fat (9, 12) , as well as the lack of differences in serum lipid peroxide levels, suggest that the antioxidant protection by PON1 would be less necessary in these animals, and could be attributed to the high content of MUFA and vitamin E in the diet. These results contrast with previous studies reporting a MUFA-associated increase of PON1 activity (14) (15) (16) , discrepancy that could be explained by the longer duration of the dietary treatment used in our study (3 months), which would lead to an adaptation of PON1 response to a situation entailing a lower oxidative risk. In fact, LDL particles obtained after an MUFA-diet consumption or after vitamin E supplementation have been shown to be less susceptible to oxidation (6, 13) .
The observed reduction of paraoxonase activity with the HF diet would correspond with a reduction of serum PON1 levels, such as the positive correlation found between both parameters would indicate (R = 0.442, P = 0.03). These decreased PON1 levels cannot be attributed to alterations in the SR-BI mediated PON1 release from the liver (30) . We have found gender differences in the main factors responsible for serum PON1 activity, i.e. its expression in the liver (31) and the serum levels of apoA-I and apoJ -apolipoproteins present in the HDL subpopulation to which PON1 associates and which contribute to the stability of the PON1-HDL association and to PON1 function (32, 33) . In male rats, the observed paraoxonase activity decrease would be justified by a reduction of the PON1 mRNA levels in the liver, thus suggesting either a reduction of the hepatic transcriptional activity of the PON1 gene or a lower stability of the PON1 mRNA molecules. In female rats, although liver PON1 mRNA levels tended to decrease, a reduced stability of the PON1-HDL association and/or of the number of HDL particles responsible for PON1 transport in the blood would rather be the factors responsible for the reduced serum paraoxonase activity and PON1 levels, as the lower apoA-I and apoJ would indicate.
In summary, the HF diet used in this study did not entail either a more pro-inflammatory serum adipokine or lipid profile or increased lipid peroxidation, but caused a reduction in serum paraoxonase activity. These effects could probably be a result of both the isocaloric intake induced by the diet and its high MUFA content, such that, the less oxidative situation the diet involved would make serum paraoxonase activity less necessary. The reduction of serum paraoxonase activity entailed gender differences as far as factors involved in PON1 production, stability, and function are concerned, reflecting different PON1 adaptive mechanisms of male and female rats in response to the consumption of a HF diet.
